ABSTRACT Spherical electron-dense organelles in the perinuclear region of cultured guinea pig aortic smooth muscle cells were identified as lysosomes by their ability to accumulate acridine orange and by cytochemical demonstration of their acid phosphatase content. The number and size of lysosomes increased in subcultured cells. The elemental composition of the lysosomes was quantitated by electron probe analysis of whole freeze-dried cells and of cryosections. In lysosomes at this stage in their development, the sulfur concentration was higher than that in the cytoplasm and the K/Na concentration ratio was similar to that in the cytoplasm.
In a recent study of the elemental composition of cultured aortic smooth muscle cells, we observed numerous electron-dense spherical organelles (dark bodies) concentrated in the perinuclear region. Fowler et al. (1) had previously reported a substantial increase in the number of lysosomes in subcultured vascular smooth muscle cells; therefore, we suspected that the dark bodies were of lysosomal origin. Because the composition of lysosomes in situ has not been previously quantitated, we present here the results of electron probe analysis of the elemental composition of dark bodies in intact cells and in cryosections of the cells. The identity of the dark bodies (lysosomes) was established by their uptake of acridine orange (2) and their cytochemically demonstrable reaction product for acid phosphatase, a lysosomal enzyme (3) .
METHODS
Culturing and Freezing of Cells. Smooth muscle cells from guinea pig aortic medial explants were cultured on stainless steel grids attached to Falcon culture dishes by a sheet of Formvar. Cells were serially passaged by trypsinization (0.25% wt/vol) in Ca-and Mg-free basic salt solution (GIBCO) or single cells were separated with collagenase and elastase as described by Ives et al. (4) . The culture medium was prepared from minimal essential medium (GIBCO) with 2 (5) . Cells growing on the dishes were also conventionally fixed (6) for ultrastructural and cytochemical studies. In some cases, 2% (wt/vol) tannic acid in 0.1 M cacodylate buffer (pH 7.4) was used as a mordant after osmication (7, 8) .
Uptake of Acridine Orange. Cultured smooth muscle cells were incubated in the dark in culture medium containing acridine orange (2.5 ,gg/ml) for 1-2 hr at 370C. After a further 30-min incubation in the dark in culture medium alone, the accumulation of acridine orange in the cellular organelles was observed by fluorescence microscopy [BG 12 excitatory filter and 515-nm barrier filter (2)]. Cells were also fixed and embedded to assess possible ultrastructural changes due to uptake of acridine orange (9) .
Cytochemistry. For enzyme localization, the cells were fixed with 2% (vol/vol) glutaraldehyde/75 mM cacodylate, pH 7.4/4.5% (wt/vol) sucrose/0.9 mM CaCl2 for 20 min at 4°C. Acid phosphatase activity was assayed by incubation at 370C for 3 hr at pH 5.0 in a modified Gomori medium with 13-glycerophosphate (10) or CMP (3) as substrate. Controls were incubated without substrate. After overnight washing in 0.1 M cacodylate/6% (wt/vol) sucrose/1.2 mM CaC12, pH 7.4, the grids were removed, blotted, air-dried, and probed to localize lead phosphate reaction product (see below). The cells on the dish were postfixed with 1% (vol/vol) OS04 for 20 min at room temperature, dehydrated, embedded in Epon 812, and examined for reaction product.
Electron Probe X-Ray Microanalysis. Detailed descriptions of the quantitative electron probe analysis of freeze-dried specimens, using a liquid N2-cooled stage (-165°C) on a Philips EM 400 electron microscope interfaced with a 30-mm2 Kevex Si(Li) detector and 5100 multichannel analyzer and a Tracor Northern NS880 unit, have been presented (5, 11, 12) . The quantitation by the multiple least-squares fit and by converting peak/continuum ratios to concentrations through the use of standards was described (11, 12) . The components of the x-ray spectrum contributed by the stainless steel grid were subtracted by computer program (11) .
RESULTS
Identification of Dark Bodies. Aortic smooth muscle cells that were cultured and freeze-dried on stainless steel grids contained, in the perinuclear region, numerous electron-dense organelles (dark bodies) with electron-lucent peripheries (Fig  1) . Spherical osmiophilic organelles, the size of the dark bodies (approximately 0.7 ,Am) observed in the freeze-dried muscle cells, were found in the perinuclear regions of conventionally fixed and embedded smooth muscle cells obtained from the same cultures ( Fig. 2A) . These organelles had limiting membranes with clear halos between the membrane and the osmiophilic matrix, an ultrastructure similar to that described for lysosomes in other cell types (13, 14) and in aortic (1) and uterine smooth muscle cells. In cells treated with the mordant tannic acid (7, 8) after osmication, the tightly packed lamellar nature, similar to that seen in lysosomal storage diseases (15) , of the osmiophilic matrix frequently could be resolved (Fig. 2B) . The number of dark bodies increased after the cells were subcultured, as also observed by Fowler et al. (1) . In smooth muscle cells that were isolated from aortic medial strips with elastase and collagenase and not subcultured, dark bodies were sparse.
A large number of lysosomes that fluoresced orange could be observed in the perinuclear region of cultured smooth muscle cells incubated with acridine orange. Although the perinuclear location of the fluorescently labeled lysosomes coincided with the location ofthe dark bodies in freeze-dried cells not exposed to the dye, lysosomes fluorescing orange seemed substantially in excess of the number of dark bodies or lysosomes observed in the perinuclear region of freeze-dried or fixed cells, respectively. Cells conventionally fixed after exposure to acridine orange were found to have an increased number of large lysosomal structures, many of which contained membrane whorls (see also ref. 9 ).
Acid phosphatase reaction product could be localized in the dark bodies of freeze-dried cells with either CMP or f3-glycerophosphate as substrate (Fig. 3A) . The Pb and P of the lead phosphate reaction product in the dark bodies was identified directly by electron probe x-ray analysis (Fig. 3B) . In conventionally fixed, thin-sectioned cells, acid phosphatase reaction product was present in both lysosomal structures and the Golgi complex (Fig. 4 A and B) . A number of the dark bodies did not exhibit reaction product, suggesting that they could be residual bodies lacking lysosomal enzymes (13, 14) or that enzyme inactivation may have occurred during glutaraldehyde fixation (16) . Some scattered nonspecific reaction product was observed over the nuclei in both experimental and control cells. The use of acid phosphatase as a lysosomal marker in smooth muscle has been verified in uterine smooth muscle where the specific activity of acid phosphatase as assayed biochemically paralleled that of three other lysosomal enzymes (17) . Electron Probe Analysis of Freeze-Dried Cells and Cryosections. The typical x-ray spectrum obtained over dark bodies had a higher S peak than did the spectra over mitochondria or cytoplasm (Fig. 5 ). Spectra were obtained by focusing the electron beam to cover the entire surface area of the dark bodies or similar sized areas of adjacent cytoplasm for paired comparisons. The elemental composition of the dark bodies and of paired, adjacent cytoplasm in whole freeze-dried cells is shown in Table 1 . In whole cells, the concentrations of K, Na, Ca, Mg, and P were lower over the dark bodies than over the cytoplasm. The S content of the dark bodies was characteristically high. Occasionally, Al and Ti peaks could be detected over the dark bodies, presumably due to uptake of these elements from the medium.
The extracellular elements bound to the plasma and basement membranes of the cultured cells cannot be completely removed prior to freezing without concomitant loss of cell K (ref. 18; unpublished observations). This leads to an unavoidable overestimation of.the cellular Na, Cl, and Ca concentrations when whole freeze-dried cells are analyzed (Table 1) . In order to determine more accurately the elemental concentrations of K, Na, C1, and Ca in the dark bodies and cytoplasm of the cultured smooth muscle cells, we analyzed cryosections of these cells. The mean (+ SEM) K concentration in undamaged cells was 432 + 4 mmol/kg dry. The Na concentration in these same Values are expressed as weighted mean ± SEM with SD indicated below, and include some contributions from extracellular ions (Na, Cl, Ca) adhering to cell surface.
Cell Biology: James-Kracke et al. cells was variable (66-509 mmol/kg dry or 243 + 7 mmol/kg dry) although lower than in the whole cells analyzed. In the cryosectioned cells, the Cl and Ca concentrations, on a dry weight basis, were lower than in the whole cells. Some cells had a decreased K/Na ratio, suggesting that they were damaged (12) . The K/Na ratio in the dark bodies paralleled the K/Na ratio in the cytoplasm; (K/Na of dark bodies)/(K/Na of cytoplasm) = 0.97 + 0.18 (mean i SEM). In both whole cells and cryosections of the cells, the x-ray continuum counts that are proportional to the dry mass (11) were higher over the dark bodies than over equally thick regions of the cytoplasm (Table 1 ). This finding indicates that, in the living cell, the density of dark bodies is greater than that of the cytoplasm.
DISCUSSION
The dark bodies, which were identified as lysosomes by their uptake of acridine orange and cytochemically demonstrable acid phosphatase content, were characterized by a high S content (see Fig. 5 and Table 1 ). Residual bodies (lysosomes) in glutaraldehyde-fixed sections of epithelium and Malpighian tubules of insects have also been shown to have a high S content (19, 20) . We did not find levels of Ca in the lysosomes to be higher than in the cytoplasm of whole or cryosectioned freeze-dried cultured smooth muscle cells, not even in cells in which the mitochondria contained Ca granules. Because the K/Na ratio in whole cells or cryosections was similar in the lysosomes and in the cytoplasm, there does not appear to be a gradient across the lysosomal membrane for these ions. In contrast, studies of isolated lysosomes (21, 22) have suggested that the lysosomal membrane is relatively impermeable to K and Na although it is more permeable to K than to Na.
The high S content of the lysosomes may be due to accumulation of sulfated glycosaminoglycans or of albumin taken up from the culture medium. The number and size of lysosomes in cultured smooth muscle cells have been shown to increase as the serum concentration of the culture medium is increased (1) . Lysosomes isolated from other cell types such as polymorphonuclear leukocytes have been found to contain chondroitin sulfate (23, 24) , and lysosomes of human fibroblasts in culture will accumulate sulfated mucopolysaccharides (25) and sulfated proteoglycans (26) from the medium.
